Specific wavelengths of light required for expression of phytotoxic activity of S-23142 (N-(4-chloro-2-fluoro-5-propargyloxylphenyl-3,4,5,6-tetra-hydrophthalimide) and acifluorfen-ethyl (ethyl-5-12-chloro-4-(tri-fluoromethyl)phenoxyj2-nitro benzoic acid) were determined in cotyledons of cucumber seedlings using the Okazaki Large Spectrograph.
relatively less effective in achlorophyllous tissue grown in far red light than in green tissue. These results strongly suggest that the phytotoxic action of S-23142 and diphenylethers involves multiple photoreactions and that one of the photoreceptor pigments may be chlorophyll or its related pigment, although photosynthesis is not involved.
on the activity of DPEs in cucumber (Cucumis sativus L.) cotyledons (3, 4, 14) and Chlamydomonas eugametos (6) , but it partially reduced the activity in green bean (Phaseolus vulgaris L.) (15) and pea (Pisum sativum) (8) and completely nullified the activity in Scenedesmus actus (1, 10) . Carotenoids have been implicated as photoreceptors for DPE action, because achlorophyllous yellow mutants (7, 11) or yellow plant materials obtained by chemical treatment (4) are sensitive to DPEs, and carotenoid-lacking, white materials are tolerant to them (2, 4, 7, 11, 12, 14) . However, considerable evidence has accumulated that red light which cannot be absorbed by carotenoids is effective in DPE action (1, 5, 9, 16) . There is also some discrepancy between two published wavelength effects on the activity of oxyfluorfen in wild buckwheat (19) and AFM in C. eugametos (5) in the red light region. Red light of wavelength longer than 615 nm did not induce the activity of oxyfluorfen but did induce that of AFM.
The purpose of this study was to determine the specific wavelengths of light required for the activities of S-23142 and AFE, and to see whether any difference exists in the photoreactions involved in the action of these two different types of chemicals. The effect of DCMU on the wavelength effect was also examined to evaluate the involvement of photosynthesis. Figure 2 . The amino acid leakage induced by 3 gM S-23142 at the photon fluence rate of 3 x 1013 photon/cm2/s was determined and plotted for each wavelength. The wavelength effect showed major peaks at 550 and 650 nm and minor peaks at 450 and 384 nm (Fig. 3) . Similarly, the wavelength effect on the action of AFE was determined at the photon fluence rate of 2 x 1014 photon/cm2/s between 350 to 750 nm, at 50-nm intervals, and the results showed peaks at 450, 550, and 650 nm which were common to those observed in the action of S-23142 (Fig. 3) . AFE had little effect on the amino acid leakage at the photon fluence rate of 3 x 10'3 photon/cm2/s.
S-23 142 (N-
Effect of DCMU on the Wavelength Effect. Since the wavelength effect on the action of S-23142 and AFE showed a major peak in red light, the effect of DCMU on the wavelength effect was examined to investigate a possible involvement ofphotosynthesis. Seedlings were treated with 130 Mm DCMU plus 3 MM S-23142, then the wavelength effect on the amino acid leakage from cucumber cotyledons at the photon fluence rate of 3 x I03 photon/cm2/s was determined as described above. At the beginning of the irradiation, the cotyledons treated with 130 gM DCMU plus 3 MM S-23142 showed no photosynthetic oxygen evolution and the amino acid leakage from them was slightly lower than that from those treated with S-23142 alone (Table I) . DCMU alone did not induce amino acid leakage under this experimental condition (Table I ). Figure 4 shows the wavelength effect on the action of S-23142 in the presence of 130 Mm DCMU. The action of S-23142 was slightly decreased by DCMU at all the wavelengths examined. However, the characteristics of the wavelength effect, in which major peaks were observed at 450, 550, and 650 nm, were essentially the same as those determined without DCMU. This result indicated that photosynthetic electron transport is not directly involved in the action of S-23142.
Wavelength Effect on S-23142 Action in FR-Grown Tlssue. Since FR-grown tissue is highly sensitive to DPEs and has very little Chl (3), the wavelength effect on the action of S-23142 in FR-grown tissue was determined to find whether Chl could be the photoreceptor in the action of S-23142. Chl was absent from FR-grown tissue at the beginning of the irradiation (data not shown) and its formation proceeded during the 6 h ofirradiation. S-23142 inhibited the formation of Chl, and the Chl content in cotyledons treated with 3 uM S-23142 at the end of6-h irradiation period was less than 5% of that in untreated green tissue (Table  II) . Figure 4 shows the wavelength effect on the action of S-23142 at the photon fluence rate of 3 x 10'3 photon/cm2/s in FR-grown tissue. Although the amino acid leakage in FR-grown tissue should not be compared directly to that in green tissue as the size and thickness of them were different, peaks of S-23142 activity in FR-grown tissue were observed at 550 nm, as in green tissue, and at 400 nm. However, the peak at 450 nm observed in green tissue was lost, and the one at 650 nm was relatively lower than in green tissue. These findings strongly suggest that multiple photoreactions are involved in the action of S-23142 and that Chl or its related pigment is one of the photoreceptors. DISCUSSION Despite differences in their chemical structures, S-23142 and DPEs cause the same physiological and biochemical responses, such as lipid peroxidation, solute leakage, and stress ethylene production, in the presence of light and oxygen (17) . Our present work clearly demonstrates that the photoreactions involved in the action of S-23142 and AFE are identical. Thus, S-23142 and AFE seem to have a common primary mechanism of action, which has not been fully clarified yet. This study showed for the first time the precise wavelength effect on the DPE-type action in a higher plant. Ensminger and Hess (5) reported a wavelength effect on the action of AFM in the unicellular algae Chlamydomonas eugametos. AFM activity shows two major peaks at 450 and 660 nm and two minor peaks at 350 and 530 nm. Our present results (Fig. 3) also showed four corresponding peaks in the near UV, blue, green, and red light, although the major peaks were at 550 and 650 nm. As cucumber cotyledons are a rather thick type of tissue, it is likely that Figure-4 
